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The quality of wheat is of importance commercially, not only to 
the miller and baker, but to the producer as well. The miller pre-
fers wheat of good weight per bu<:>hel, which will give yield and 
strength of flour; the quality of flour, which in turn is dependent to 
a certain extent upon the composition of the wheat from which it is 
milled, is a matter of consequence to the baker. 
When associated with increased yields, any factor which tends 
to bring greater values may be considered well worth the attention 
of those interested in the production of this crop. The properties 
of the wheat grain, aside from those caused by variation in the 
wheat plant itself, are the results of environment, including localized 
climatic conditions and soil fertility. 
Numerous citations can be made from the voluminous literature 
giving the results of investigations on this subject, which show that 
the character of wheat is changed to a greater extent by seasonal 
influences than by differences in soil. For this reason there is a 
tendency to regard the influence exerted by soils and fertilizers as 
one of minor consideration. However, meteorological conditions 
cannot be controlled, while the ferhlity of soils adapted to the grow-
ing of wheat can be improved and maintained. Therefore, it would 
seem that, applied to local conditions, this phase of the subject is 
of equal, if not greater, importance than that referring to season and 
climate. 
This bulletin presents information relative to the changes 
induced by different chemical conditions of the soil which may have 
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a bearing on the quality of wheat; the term "quality" is used as 
referring to both the physical characteristics and chemical compo-
sition of the gram. The included data were obtained from analyses 
of wheat grain, harvested in the year 1~10 from differently treated 
plots of soil on which the fertiJity investigations of this Station have 
been conducted since 1894. The same vartety of wheat is grown on 
these plots, which are located on sotl dt:ffering only in its crop 
producing capacity, as influenced by fertilizers and manures. 
PHYSICAL V A.RIATIO:t;'S 
A decided variation in the appearance of wheat grain harvested 
from plots of soil treated with various forms of fertiluers is notice-
able each season. This is more pronounced for years in wh1ch the 
soil moisture and other factors are favorable for a good crop than 
when reverse condit10ns prevail. For the purpose of obtaining a 
quantitive comparison of the differences observed, the grain from 
the seyeral plots included in this mvestigation was graded into two 
classes, according to its physical appearance. A fifty-gram sample 
of wheat was used. The plump and shriveled or incompletely filled 
lrernels were separated by hand and the percentages of each 
determined. 
TABLE I-Showmg the fert1hzers apphed per acre, the percentage of plump and 
shnveled kernels and the y1eld of wheat per acre for tht' year 1910 
Fert•luers appbed durmg' one 5 year rotation Percentage Percentag-e 
l?lotNo 
.A.c•d Dned N1trate of plump of shnveled 
Yield per acre 
Potassium kert1els kernels for 1910 phosphate chloride blood of soda 
Lbs Lbs Lbs Lbs Bushels 
0 51 49 845 
;) 260 66 34 10 33 
5 50 440 40 ~ 10 75 q 260 50 440 51 1300 
2 320 88 12 2033 
6 320 50 440 79 21 2525 
8 320 §~ ~ 12 19 75 11 320 50 440 19 27 00 
12 320 260 50 680 84 16 2833 301 (1) 260 m g~ 87 13 2925 18· (2) (2) 87 13 33 42 
a 94 6 34 15 
0 Unfertihzed 
1 Phosphorus and potassmm suppbed by tankage containmg 6 percent rutrogen and 6 percent 
phosphorus 
' The three elements ~upplled by barn yard manure, 8 tons on corn and 8 tons on wheat 
a Elements supplied by 10 tons of manure w1th the addition of 400 pounds of untreated rock J;>hos-
phate fort he corn crop, and a fertilizer on wheat conSJsbng of steamed bone meallOO pounds, aCid phos-
phateldOpoundq, potassiumchloride 20 pounds, SOdium nitrate 50 pounds. The sod.lum nitrate IS 
applted broad-cast over the wheat m .Apnl. 
The accompanying illustrations show the appearance of the 
grain grown on the differently treated soils, and at the same time 
represent the percentages of the separated portions as indicated by 
the numbers on the circumference of the illustrations. The wheat 
kernels as shown are reduced to two-thirds their original size. 
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Fig. 1. Soil Treatment- none: 
Yield per acre 8.45 bushels. 
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Fig. 2. Soil Treatment for one 5-year Rotation: 
Phosphorus 20 pounds, carried by acid phosphate. 
Yield' per acre 20.33 bushels. 
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Fig. 3. Soil Treatment for one 5-year Rotation: 
Potassium 108 pounds, carried by potassium chloride. 
Yield per acre 10.33 bushels. 
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Fig. 4 Soil Treatment for one 5-year Rotation: 
Nitrogen 76 pounds, carried by sodium nitrate. 
Yielcj per acre 10.75 bushels. 
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Fig._ 5. Soil Treatment for one 5-year Rotation: 
Phosphorus 20 pounds and nitrogen 76 pounds, 
carried by acid phosphate and sodium nitrate. 
Yield pe_r acre 25.25 bushels. 
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Fig. 6. Soil Treatment for one 5-year Rotation: 
Phosphorus 20 pounds; potassium 108 pounds; 
nitrogen 76 pounds, carried by acid phosphate, 
potassium chloride and sodium nitrate. 
Yield per acre 27 bushels. 
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Fig. 7. Soil Treatment for one 5-year Rotation: 
Phosphorus 20 pounds; potassium 108 pounds; 
and. nitrogen 114 pounds; carried by acid phos-
phate, potassium chloride and sodium nitrate. 
Yield per acre 28.33 bushels. 
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Fig. 8. Soil Treatment for one 5-year Rotation: 
Potassium 108 pounds; and nitrogen 76 pounds; 
carried by potassium chloride and sodium 
nit1"ate. 
Yield per acre 18.00 bushels. 
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Fig. 9. Soil Treatment for one 5-year Rotation: 
Phosphorus 20 pounds and potassium 108 
pounds; carried by acid phosphate and potas-
sium chloride. 
Yield per acre 19.75 bushels. 
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· Fig. 10. Soil Treatment for one 5-year Rotation: 
Phosphorus 48 pounds; potassium 112 pounds, and 
nitrogen 114 pounds; carried by yard manure. 
Yisld per acre 33.42 bushels. 
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Fig. 11. Soil Treatment for one 4-year Rotation: 
Phosphorus 112 pounds; potassium 81 pounds; 
nitrogen 112 pounds; carried by 10 tons manure 
and 450 pounds phosphate rock on the preced-
ing corn crop, and acid phosphate, steamed 
bone meal, potassium chloride and sodium 
nitrate on the wheat. 
Yield per ~ere 34.15 bushels. 
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Table I on page 568, which summarizes these data, also gives the 
fertilizer treatment and yield per acre for the several differently 
fertilized plots. The type of wheat grown on unfertilized soil which 
has produced the minimum amount of grain is shown by Figure 1. 
'l'he fertility investigations on this particular soil have demon-
strated that fertilizers containing phosphorus are most efficient in 
producing yield of grain. Only slightly increased yields follow the 
use of either potassium or nitrogen when used singly as soil amend-
ments. The yields of wheat from Plot 3, treated only with muriate 
of potash, and from Plot 5, with nitrate of soda only, were practically 
the same for the year 1910, although average results for 17 years 
show that the return from nitrogen has been slightly greater than 
that obtained from potassium. Where both of these elements are 
applied in combination, the yield has not been as large as where 
phosphorus alone is applied. 
Comparing the three Figures, 2, 3, and 4, which illustrate the 
character of the grain secured from Plots 2, 3 and 5, the soil treat-
ment for each of the plots being in the order designated, acid 
phosphate, potassium chloride (muriate of potash), and nitrate of 
soda, it will be observed that there is a more striking d1fference in 
the type of kernels produced by these different conditions of fertili-
zation than is indicated by the yields obtained. 
It is also apparent that phosphorus has eFfected the physical 
appearance of the grain to a greater extent than either potassium or 
nitrogen. With reference to this marked change in the character 
of the grain from the soil where phosphorus is applied, attention is 
called to the chemical composition of the wheat, which is referred to 
more fully in another connection. The results show that the carbo-
hydrate content of the grain is generally higher where the propor-
tion of phosphorus in the fertilizer is greater than that of the 
nitrogen; and, on the other hand, the percentages of nitrogen are 
highest in the case of the wheat grown without an adequate supply 
of phosphorus at its disposal. 
The wheat grown on soils to which phosphorus is added 
matures earlier than either the crop harvested from the unfertilized 
soil, or that furnished with potassium or nitrogen without phos-
phorus. Nitrogen and phosphorus seem to exert opposite influences 
upon plant growth; nitrogen accelerates vegetative growth and 
prolongs the period of seed development, while phosphorus tends to 
hasten maturity and favors seed development. 
Increasing the nitrogen supply, without increasing the potassium 
and phosphorus, has lowered the quality of the grain on PlotS below 
that grown on the untreated soil, although the yield has been slightly 
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increased. Potassium has improved the quality so far as plumpness 
of the kernel is concerned, and at the same time has caused a small 
increase in yield. The appearance of the grain grown under this 
condition of fertilization is shown in Figure 3. 
Numerous investigations made by plant physiologists show that 
potassium performs an important function in the formation of carbo-
hydrates. The percentages of starch and ~ugars found in the grain 
grown on the unfertilized soil and on that treated with potassium 
are practically the same. A comparison of the proportions of plump 
and shriveled grain found on these two plots with the chemical com-
position found in each case, indicates that the shriveled condition 
of the kernels is not entirely due to a decreased formation of 
carbohydrates. 
When both phosphorus and nitrogen, either with or without the 
addition of potassium, are applied, (Plots 6, 11 and 12, Figures 5, 6 
and 7) there is a close agreement in the proportion of well :filled 
kernels in each lot of wheat, although slightly higher percentages of 
plump kernels are found in the wheat from Plots 11 and 12, where 
potassium is used in combination with phosphorus and nitrogen. 
The quality of wheat grown on the soil of Plot 9, where potassium 
and nitrogen are used in combination without phosphorus, is illus-
trated by Figure 8. Here the increased quantity of potassium in 
the soil has offset the influence exercised by nitrogen when used 
alone on the soil of Plot 5, and the resultant effect, so far as appear-
ance is concerned, is the same as that produced by the unfertilized 
soil, although the yield of grain is somewhat larger on the soil 
fertilized with potassium and nitrogen. On Plot 8 (Fig. 9), where 
phosphorus and potassium in combination, without nitrogen, are the 
fertilizing elements added to the soil, the addition of potassium has 
produced no different effect from that caused by phosphorus only. 
The proportion of plump kernels and the composition and yield of 
grain are approximately the same for Plot 8 as for Plot 2, which is 
treated with phosphorus alone. 
A maximum yield of grain has been produced, on another part 
of this farm, (soil designated ~'a" in the tables) which was originally 
of the same fertility as that on which the several other described 
wheats were grown. This soil has been brought to a high state of 
fertility by the use of chemical ferttlizers and manure, carrying 
approximately 112 pounds of phosphorus, 81 pounds of potassium 
and 103 pounds of nitrogen per acre. The system of fertilization fol-
lowed has been 10 tons of manure, treated during accumulation with 
400 pounds of rock phosphate, for the corn crop, and 400 pounds of a 
mixture of acid phosphate, steamed bone meal, potassium chloride 
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and nitrate of soda, containing approximately 3 percent of nitrogen 
and potassium and 7 percent phosphorus (or 4 percent "ammonia'", 
16 percent "phosphoric acid" and 4 percent "potash") for the wheat 
crop following the oat crop in a four-year rotation of corn, oats, 
wheat and clover. This wheat is illustrated in Figure 11 and stands 
out clearly in a class by itself, not only in the greater proportion of 
plump grain, but also in the uniformly well developed condition of 
the wheat. 
VARIATION IN COMPOSITION 
Table II gives the percentages of starch and soluble carbohy-
drates (sugar and dextrin), with protein and phosphorus found 
in the diff!orent lots of wheat previously described. 
TABLE II: Showing total amount of starch and soluble carbohydrates, protein and 
phosphorus content of wheat grown on soil differently fertilized 
l"nt No. 
·- -
I Ft.!rtlh..tmg clemt:nt:::. per acre fur one 5·year rotation 
I Pho,pbornol Pota,,ium I Nitrogen 
---~-----I . 
I 
Lbs. Lbs. Lb~. 
0 .. ios .. 3 .. '7~ 5 
I 
.. io8 9 76 
2 20 ... 
'76 6 20 ios 8 20 
'76 11 20 108 
12 20 108 114 
301 30 108 38 
182 48 112 144 
a 112 81 103 
0 U nfert11lzed. 
Percent Percent Percent Bnbhelb 
60 04 14 50 .3222 8.45 
60 39 14.75 .3399 10.33 
58.37 15 81 .3217 10.75 
~ Peu .. cntage compo~1t10n of gr •. un •
1 
Stan.h and 11 I Y 1eld per acre 
•oluble car- l'rntem 'Phosphoru'l \Veqt End lH!O 
bohydrates I I ~-- ---:- --------
58 23 15 88 .3112 13.00 
64.10 12 56 .3777 20 33 
61 99 13 94 .3dlH 25 25 
64.25 12 00 .3954 19 75 
61.16 13 88 .3376 27 00 
6080 14 69 .3262 28.33 
64.46 12 88 .399:t 29.25 
64.04 11.44 .4253 33.42 
64.56 12.32 .4358 34 15 
' Phosphorus and pota;bium supplied by tankage containing 6 percent 11itrogen and 6 percent 
pho•phorus. 
• The three elements supplied by barn yard manure, 8 tons on com and 8 tons on wheat. 
a Elements supplied by 10 tons of manure with the addition of 400 pounds of untreated rock phos-
phate for the corn crop; and a fertilizer cons1stmg of steamed bone meallOO pounds; acid pho•phate 130 
pounds; potassium chloride 20 pounds; sodium nitrate 50 pounds. The sodium ljlitrate is applied broad 
cast over the wheat in April. • 
The addition of phosphorus alone, to the soil of Plot 2, is followed 
by an increased amount of carbohydrates and a lowering of the pro· 
tein percentage in the grain. 
It will be observed that the carbohydtates and phosphorus on 
the one band, and the protein on the other, bear a certain com· 
plemen:tary relation to each other. A high percentage ~f carbo-
hydrates is always accompanied by a high percentage of phosphorus, 
while the protein and carbohydrates stand in an inverse ratio to 
each other. 
Data previously published, (Bulletin 221, Ohio Exp. Sta.), on the 
composition of wheat, show the same relation between the phos-
and phorus nitrogen content of the wheat crops grown in three 
different seasons. 
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The effect produced on the character of the grain by an 
unbalanced ratio of phosphorus and nitrogen has already been 
referred to under the discussion of the physical variation. The 
result of this adverse condition is further shown by the composition 
of the grain grown on the soil of Plot 5 and Plot 9, where more 
nitrogen is applied than can be utilized to the best advantage, on 
account of a lack of available phosphorus. The wheats from these 
two plots are similar in composition and have the highest percentage 
of protein and the lowest carbohydrate content of any of the wheatfl 
analyzed. The high protein percent in the grain from Plot 5, com-
pared with the physical character of the grain, as shown in Figure 
4, strikingly shows the relation between the shriveled condition of 
the grain and its nitrogen content. 
The composition of the grain from Plot 3, supplied with 
pota~sium in the form of potas~ium chloride, does not differ from 
that grown on unfertilized soil, although the yield bas been slightly 
increased and the physical appearance of the grain improved to some 
extent. 
Further evidence of the fact that potassium bas not effected the 
composition of the grain is shown by the results for Plot 8, which is 
fertilized with phosphorus and potassium; the com position, yield and 
physical appearance of the grain from Plot 2, treated with phos-
phorus only, and that from Plot 8 are similar. 
While the chemical composition of tbe grain does not show an 
increased percentage of carbohydrates following the use of 
potassium,. this element has in some manner evidently contributed 
toward plumpness of grain. This may be due to the distribution of 
starch or to changes in the cellular arrangement of the wheat kernel. 
The heaviest yielding plots are those to which both phosphorus 
and nitrogen have been adde(!. In some instances these elements 
have been supplied by mineral carriers, acid phosphate and nitrate 
of soda, and in others by the organic materials, manure and tankage. 
A comparison of the results obtained for the several plots 
receiving phosphorus and nitrogen shows that changes in the com-
position are due either to the ratio of phosphorus to nitrogen, to the 
different carriers used, or to a combination of these. two conditions. 
Considering first the effect of difference in proportion of phos-
phorus and nitrogen, a comparison between Plots 6 and 11, where 
the same quantities of these elements are applied, and where the 
ratio of phosphorus to nitrogen is 1 to 3.8, shows that the composition 
of the grain is very similar. Increasing the quantity of nitrogen, 
as in the case of Plot 12, so that the ratio is 1 to 5. 7, has caused an 
~nhanced ac~umulation of protein and a decreased amount of carbo-
hydrates and phosphorus in the wheat, but has produced no marked 
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physical change in the grain. On Plot 30 .and soil_ designated (a), 
the ratio of phosphorus to nitrogen is approximately 1 to 1, and on 
Plot 18, 1 to 3. The composition of the wheat from these areas 
corresponds practically with that grown on Plot 2, to which only 
phosphorus bas been added, but the yields are much greater. 
From an analysis of the several conditions of soil treatment 
responsible for the differences noted in the physical character and 
the composition of the grain, it is evident that the production of a 
maximum yield, together with well developed grain, depends not 
only upon the total amount of available plant food applied, but also 
upon the ratio of phosphorus to nitrogen available to the crop. 
The fertilizing materials applied to Plots 18 (Fig. 10) and 30 are 
carried entirely by organic carriers; Plot (a), with the exception of 
the small amount of nitrogen carried by 50 pounds of nitrate of soda, 
receives all its nitrogen in the organic form. All the remaining 
plots, with the exception of Plot 0, which is unfertilized, receive their 
fertilizing elements from an inorganic source. 
The three plots to which organic fertilizers are applied yield the 
largest amounts of grain. A large amount of phosphorus is added 
to these plots, especially Plot (a), which has produced the largest 
yield and developed the highest percentage of plump grain. The 
wheat from this plot contains a large amount of phosphorus and 
carbohydrates and a small amount of protein, when compared with 
plots receiving no phosphorus or plots to which only a small amount 
of phosphorus and a large amount of nitrogen are applied. 
It seems that the percentage of phosphorus which is closely 
associated with the formation of carbohydrates in the grain depends 
not only upon the amounts of phosphorus and nitrogen applied to, 
the soil, but is also influenced by the form in which the nitrogen is 
applied. Table III below, which is compiled from results previously 
published in Bulletin 221, shows bow the phosphorus may be 
increased or decreased by the use of different carriers of nitrogen. 
TABLE III: Effect of mineral and organic carriers of nitrogen on the 
phosphorus content of wheat grain 
Fertilizing elements per acre Percent of 
Carriers of nitrogen phosphorus 
Plot Phosphorus Potassium Nitrogen ingrain 
Lbs. Lbs. Lbs. 
17 30 108 B8 Nitrate of soda .3388 
21 30 108 as Linseed oil meal 3658 
23 30 108 38 Dried blood .i!650 
24 30 108 B8 Sulfate of ammonia .3562 
30 30 108 38 Tankage .3790 
The same amounts respectively of the different fertilizing 
elements are applied to each of the five plots,, so that the different 
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percents of phosphorus found must be attributed solely to the effect 
of the nitrogen carriers. The wheat from Plot 17, where nitrate of 
soda is used, bas the lowest percent of phosphorus in the grain. 
Sulfate of ammonia, on Plot 24, bas produced an increase in phos-
phorus, while tankage, on Plot 30, bas caused the largest amount of 
phosphorus to be stored in the grain. The cause of this difference 
in the phosphorus content of the wheat is apparently due to the 
more retarded assimilation of nitrogen, when this element is supplied 
by organic carriers than when a more available carrier of nitrogen, 
like nitrate of soda, is used. 
PROTEIN 
Considerable work bas been done by those interested in the 
subject of wheat and flour to establish a basis by which the quality 
of .flour may be determined from the chemical composition of wheat. 
Results so far obtained by different authorities show that it is 
primarily a function of the nitrogen containing bodies. The strength 
of flour is dependent upon the physical character of the gluten and 
the proportion of the two substances, gliadin and glutenin, from 
which gluten is formed, when flour is mixed with water, during the 
process of baking. 
The data in Table IV show the percents of gluten and gliadin, 
percent of gluten in protein and the percent of gliadin in gluten for 
the several Plots of wheat. 
TABLE IV: Total Protein, Gluten, and Gliadin Content of Wheat 
Fertilizing elements per acre for 
Plot one 5-year rotation Percent of Percent of Protein Gluten Gliadin gluten in gliadin in No. protein gluten Phosphorus Potassium Nitrogen 
Lbs. Lbs. Lbs. 
0 ... ios . .. 14 50 10.75 6.31 74.13 58.70 3 ... 
'76 14.75 ii:8i 6.75 74:7iJ 62:i7 5 ... ios 15.81 7.38 9 
·2o 76 15 88 12.13 7.36 76.37 61.04 2 ... 
"76 12.56 9.38 5.13 74.68 54.69 6 20 ios 13.94 963 6.25 69.01 64.90 8 20 
'76 12.00 8.50 5.13 70 83 60.36 11 20 108 13.88 10 25 6.07 73.85 59.22 
12 20 108 114 14.69 10.81 6.70 73.58 61 98 301 30 108 38 12.88 9.44 5.59 73.30 59.22 
18' 48 112 144 11 44 8.19 4.90 71.59 59.83 
a 112 81 103 12.32 9.13 4.94 74.11 54.11 
The percentage of gluten, as stated in the table, was calculated 
from the difference between the total nitrogen and the nitrogen 
soluble in a 1 percent solution of sodium chloride. This method is 
not strictly correct on account of the solubility of a small amount of 
gliadin in the sodium chloride solution, but it is considered 
su.fficiently accurate for the purpose of showing the comparative 
difference in the wheat. The gliadin was obtained by digesting 5 
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grams of wheat with 120 cc of 60 percent by volume alcohol for four 
hours, shaking every 30 minutes and then allowed to stand at room 
temperature for 13 hours. Nitrogen was determined in an aliquot 
portion of the filtered solution. The factor 6.25 was used in convert-
ing nitrogen to protein. 
The percents of gluten and gliadin generally stand in a direct 
relation to the total protein content; a high percent of gluten in the 
wheat is accompanied by a corre~pondingly high percent of gliadin. 
There is some variation, however, between the proportions of 
total protein and the percent of gluten in the protein. The largest 
amounts of total protein and gluten are found in the wheat from 
Plot 9, fertilized with potassium andnitrogen. 
Although the total protein in the wheats from the productive soil 
of Plot (a), from Plot 5 treated with nitrogen alone, and from the 
unfertilized soil, varies considerably, there is in each instance about 
the same percent of the total protein in the form of gluten. 
CARBOHYDRATES 
Table V gives the percents of the several non-nitrogenous 
substances included under the general term of carbohydrates, 
including starch, dextrin, dextrose, sucrose, and the cellulose 
bodies, hemi-cellulose, lignin, and crude fiber. 
TABLE V: Carbohydrate content of wheat grown on soil differently fertilized 
================~=====================-= 
Fertilizing elementR Percentage composition of grain 
per acre for one fi..year 
Plot rotation Hemi-No. Dex- Sucrose Dextrin Starch cellu- Lignin Crude Wate.c' PhO!!· Pota.s- Nitro- trose fiber 
phoruo sium. gen lose 
--~ --
--
--
--
----------
---
Lbs. Lbs. Lbs. 
0 .. ios ... .03 13~ 2.91 55.76 4.91 6.M 2.71 8.76 3 ... 
'76 .00 1.39 3-09 55.91 5.00 6.25 2.70 8 74 5 ... ios .00 1.39 2.80 54.18 4.92 5.93 2.90 8.98 9 
'20 76 .03 1.~ 2.74 5U2 5.10 6.05 2.71 9.M 2 ... 
'76 .02 130 3.37 59.41 uo 5.72 2.51 8.65 6 20 ios .12 1.42 2.63 57.82 455 5.32 2.67 8.77 8 20 
'76 .02 UB 3.13 59.62 4.48 5.57 2.68 8.1!1 11 20 108 .02 1.37 2.70 57.07 4,.60 5.96 2.69 9.37 
12 20 108 -~M .02 1.29 2.93 56.56 4.83 6.M 2.70 8 51 301 30 108 .07 1.32 2.75 60.32 Ui 5:69 2:47 8.46 J82 48 112 .14 1.34 s.ao 59.26 9.35 
a 112 81 103 .15 1.53 B.i4 59.44 ... . ... . ... 8.90 
0 U nlerttllzed. 
t Phosphorus and potassium supplied by tankage C£>otaining 6 percent nitrogen and 6 per=t 
phosphorus. 
a The three elements SU];lplied by barn :v11rd manure, 8 tons on corn and 8 tons on wheat. · 
a Elements supplied by 10 tons of manure. with addition of 400 pounds of untreated rock_l1hosPhats 
for the corn crop; and a fertilizer, composed of steamed bone meal100 pounds; acid phosph11te l.llO pounds• 
potassium chloride 20 pounds; sodium nitrate 50 pounds, on the soil prepared for wheat. The sodiuni 
nitrate is applied broadcast over the wheat ln APril. 
Aside from the variation in starch content the different fertilizer 
treatments have not effected the amounts of the other constituents 
in this group. The sugars serve the purpose of furnishing food for 
yeast and as a source of carbon dioxide. 
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The results show that a small amount of sugar was present in 
the wheat when analyzed, about 1.5 percent, mostly sucrose. 
The amount of starch present is of no· special significance 
except as considered in relation to the protein content. 
SUMMARY 
Although differences in climate and season cause greater 
variations in the character of wheat than soil and fertilizers, the 
results obtained show that changing the chemical condition of the 
soil by the addition of fertilizers bas produced marked differences 
in the same variety of wheat. 
Wheat grown on unfertilized soil, where tbfl smallest yield of 
grain was obtained, contained 50 percent of shriveled kernels. 
Increasing the nitrogen content of the soil" accentuates the above 
condition. 
Potassium bas increased the proportion of plump kernels, 
although the yield is the same as when nitrogen is applied to the 
sol:'l and the composition is practically the same as that found in the 
wheat from unfertilized soil. 
Phosphorus improves the physical appearance of the grain to 
the greatest extent. 
The protein, carbohydrate and phosphorus content of the wheat 
grain bear a complementary relation to each other. There is an 
inverse ratio between the percentages of protein and carbohydrates. 
The phosphorus and carbohydrates stand in a direct ratio to each 
other. The largest percents of phosphorus and carbohydrates are 
found in the best developed grain, which is in turn associated with 
the highest yields. 
The percentage of protein is highest in wheat grown on soi 
deficient in phosphorus and weq supplied with available nitrogen. 
The relation between the carbohydrates and phosphorus on the 
one band and protein on the other is influenced by the form in which 
the nitrogen is supplied, whether from organic or inorganic sources 
and by the ratio of phosphorus to nitrogen. 
The ratio of phosphorus to nitrogen in the wheat grain generally 
stands in the same order as the ratio of phosphorus to nitrogen 
supplied to the soil. 
The percents of gluten and gliadin stand in a direct relation to 
the total protein content of the wheat. 
